Summary. Ovulation was induced in aminophylline-treated rats by different stimuli acting upon the pituitary gland (LH-RH in pro-oestrous rats treated with chlorpromazine), ovary (LH in pro-oestrous rats treated with chlorpromazine or hypophysectomized) or ovary and pituitary gland (PMSG in immature rats). In the different assays, the proportion of ovulating rats and the number of eggs ovulated were augmented by aminophylline treatment. Immature rats injected with aminophylline 1 day after priming with PMSG had, between 18:00 and 20:00 h, significantly higher blood LH levels than did controls.
Introduction
Theophylline enhances the LH-releasing activity of hypothalamic extracts and of luteinizing hormone-releasing hormone (LH-RH) in vitro (Makino, 1973; Borgeat et al, 1972) . This in-vitro effect of theophylline is attributed to its capacity to inhibit phosphodiesterase, the enzyme that inactivates adenosine 3',5'-monophosphate (cAMP) which is involved in the secretion of pituitary cells (Ratner, Wilson, Srivastava & Peake, 1976; Groom, Cooke & Boyns, 1971) . Reports on the action of theophylline upon luteinizing hormone (LH) secretion in the more complex situation in vivo are scarce and contradictory (Ensinck et al, 1970; González-Barcena et al, 1974 ) and we have not found information about its action on ovulation and LH secretion in rats.
Our study on the effect of theophylline upon ovulation involved three experimental models to discriminate central from peripheral effects of the drug.
Materials and Methods

General methods
Sprague-Dawley rats from our own breeding colony were kept with lights on from 08:00 to 20:00 h and with food and water ad libitum. Immature rats of 22, 27 and 30 days of age and adult rats in pro-oestrus were used.
Ovulation was induced in immature rats with a single dose of 20 i.u. PMSG (Equinex: Ayerst Laboratories) injected subcutaneously. Ovulation was assessed by direct inspection of the oviducts (Rowlands, 1942) LH and LH-RH were dissolved in saline (9 g NaCl/1) and injected in a volume of 0-1 ml/100 g body wt. Aminophylline was injected in a volume of 0-2 ml/100 g body wt. The numbers of eggs were statistically analysed with the Wilcoxon ranking test for unpaired samples (Wilcoxon, 1945 (Wilcoxon, , 1947 The sensitivity of the assay was 1-5 ng/ml, the inter-assay and intra-assay coefficients of variation of a sample containing 65 ng LH/ml were 18% and 6-4% respectively.
Oestradiol. For this, 0-2-1-0 ml plasma was extracted twice with 5 volumes of ether adding a tracer amount of [3H] oestradiol to correct for procedural losses in each sample. The residue after ether evaporation was resuspended in buffer and divided into 3 aliquots, two for RIA and one for measuring recovery. Average recovery fluctuated between 80 and 90%.
A specific antiserum raised in rabbits against oestradiol-6-CMO-BSA was used at a dilution of 1:44 000. Incubation was carried out overnight at 4°C. Separation of free from bound hormone was obtained using a dextran-coated charcoal system. Cross-reaction with oestrone was 1-7% at 50% binding and negligible with testosterone and cortisol (0-002%). Sensitivity was 25 pg/tube. The inter-assay coefficient of variation of samples containing 100 and 400 pg/ml was 19-9 and 18-6% respectively. Experiments Experiment 1. Immature rats were injected with PMSG as described above at 09:00-10:00 h. Aminophylline or saline was administered 3, 27 and 51 h later. Groups of 4-9 animals were killed 24, 48 or 72 h after PMSG and the eggs in the oviducts were counted. Other groups of animals primed with PMSG at 27 days of age were treated with aminophylline 24 h later and bled by aortic puncture 30 min, 1, 3, 5 or 7 h after aminophylline for measurement of LH and oestradiol in plasma.
The doses of aminophylline were 5 mg in 22-day-old rats and 10 mg in 27-and 30-day-old rats.
Experiment 2. Pro-oestrous rats were injected subcutaneously with chlorpromazine at 10:00 h followed by aminophylline at 13:00 h, in doses of 6 or 12 mg/100 g body wt intraperitoneally or 10 mg/100 g body wt intravenously. Significantly different from values in saline-treated controls: *P < 0-03, **P < 0-01 (Wilcoxon test for unpaired samples). Aminophylline given intravenously at 13:00 h induced a short rise in LH plasma concentration at 14:00 h (Table 4) , significantly lower than the peaks normally observed at 18:00-20:00 h (Tables 4 and 6 ). It also significantly augmented ovulation. The lowest values of LH concentration were observed in all groups at 16:00 h. 73-2 ±4-6 *29-2±2-6 79-6 ± 13-6 75-5 ± 10-4 0/10 0-0 LH (0-25 pg) + aminophylline
•136-7 ±4-8 *32-3 ± 3-5 81-0 ±21-0 69-2 ± 8-3 10/10 |10-7±0-9 Aminophylline *137-1 ± 16-8 *38-5 ± 1-5 77-2 ± 18-9 53-7 ± 8-7
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fll-8 ± 0-6 * Significantly different from corresponding values of control rats at 14:00 h, < 0-01 (Student's t test). t Significantly different from control and LH-injected rats, < 0-001 (Wilcoxon test).
Experiment 3: ovulation induced with LH in hypophysectomized rats Aminophylline significantly increased the ovulatory response to LH in completely hypophysectomized rats (Table 5 ). Experiment 4: ovulation in normal rats All the rats injected with aminophylline or its solvent at 10:00 h on the day of pro-oestrus ovulated, and the mean + s.e.m. value of eggs/rat was similar in treated and control rats (13-6 ± 0-6 and 11-7 ± 1-2 respectively). The peak of oestradiol lasted longer in the animals injected with aminophylline (Table 6 ), but LH levels were not significantly different from those observed in untreated rats, although they showed marked individual variations during the period of acute discharge, between 18:00 and 20:00 h. Aminophylline did not affect ovulation in normal rats when injected at 10:00 h on the day of pro-oestrus, probably because the number of eggs to be shed has already been determined by prior endocrine events. This is supported by the fact that ovulation induced with LH in chlorpromazine-treated pro-oestrous rats does not surpass the normal level in spite of increasing doses of the gonadotrophin (M. de la Lastra, unpublished).
Oestradiol levels significantly increased in normal rats at 14:00 h, before the LH surge. In aminophylline-treated rats, these high levels persisted up to 16:00 h (Table 6 ). The above effect may also be ascribed to the potentiating effect of aminophylline on LH activity upon the ovary. The increased levels of oestrogen may have influenced the release of LH, which was not significantly higher than in control animals. However, the variability in the time of onset and magnitude of LH peak levels normally observed on the day of pro-oestrus (Blake, 1976) may have masked the effect of aminophylline.
